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(54) SEMICONDUCTOR DEVICE AND PRODUCTION METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a highly 
reliable semiconductor device of low dielectric 
constant and low Cu diffusibility suitable for a 
damascene method and a production method 
therefor. 

SOLUTION: A wiring layer HL of a top layer 
having a Cu layer 107 embedded in a trench hole 
108 and a via hole 109 is formed on a wiring 
layer LL of a lower layer by the damascene 
method. As an etching stopper film 1 10 to be 
used for the damascene method, a film (SiCN 
film) containing Si, C and B as main elements is 
used. This SiCN etching stopper film is formed 
to have CHn radicals for 1021-1022 in the film 
and shows a low dielectric constant (<6) and low 
Cu diffusibility. Therefore, the semiconductor 

device of small inter- wiring capacitance and high reliability is produced. 
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C«&*fft3 TBCDEttS L L ©±C h l/>f*- 
JH 0 8Rtflf Tsfc-JH 0 9C.a»JiSHfcCuJg I 
0 7 **T 4 *±» ©E»JS H L & * * > v fcK * 0 M 

OKI*, S i C fcNfc*£Jg7C*i: LT^Mfi (S i 
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y/<Kli, K'J'CCHnStl 0 21 ~1 0 22 =&T2> 



w. 
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[ss*« i ] ftR«>ftxiifte*T6ffiK«*0g 1 © 
mist. 

(n« ) 1 0 2 1 ~ 1 0 2 2 «!/ 

cm 3 ) 

[tt#S4] KlSe»2©*fe»/fl*, 6&T©tt8Sl&#* 

* i t i: r * a** 1 3 © v>yft * 1 * 
ca*iss3 m 1 vmfszMBLtzimt. 

«Ji2»l ©tfeSJUbtr, S i tCfcHi:=fei5x*t I 
TStrST 2 ©£*J:J5£flW iXSk , 

* 2 ©ifeJSBfe x v 9- V ✓ L TPS a fc#/S*f 4 

lit, 

LXfllfEfBl x*?-^:/ L "IT. EHUtXttA 

fliJfeifrftJlfc, fj£# 2 ©&»«** h »/*fc LXOTig 

«*«J»tt, tfcSr2©&S»t:K*-***g-&a*3£ 
(CH n S (nlil7i£3©6») ) 1 0 2 1 ~ I 0 
22 (i/cm 3 ) ft**ftCk**«tt**tlF«:* 
E© 

[S#*6] ffll!g»2e!>fe»)BliS6CN4JE*7E*t 

[3***7 3 tffieiSfcJBli, Cu*^«BS$ns:t% 
«ltr4»#a5XI*6KKt<!» , MH|i«C»a* 

a. 

[Sfi*JB8l B5K*;2©«£»»ii. 61UT©tt*m$$: 

wti: fc&«®fcTi-*!«#>g5 7i£7©^r**» 1 m 
«-!sew©¥-iffi*«itt<3>«ja7j«, 

[Sf*JH9] fi5fE3ft2©fc<SJ§tt, **i'»1fvfllfr* 

x •? % /b ^ fc ft* ft c j: 9 »a s n & c t * 



ff^(S©SiS^ft 0 

S©±t:, fIIEm2©^»®fcj5l-©8f/aS:^f5^3 

©»«« fc^jar * ie t as a 5 r t % t r * a 1* 

[0 0 0 13 

[^©arstttsttg 1 ] ¥«*ttKAts* 

VfMMt©lia*&icNU »e, SMMVS^'hS 
6* 

[000 2] 

C5ES£©SW3 (LSI) o>l%m&t<o 

«-9»a©Safttt, El&©»lffiftRLf£*8©{i^;S5£ 
LS KO&ftfr-MWff *-9 $7D>i;a 

[0 0 0 3] ±!ELfiE«Sg©fi«lXli, EfcSSfit© 
tt*©Al («m*2. 7«/0-cm) *3EfiS#i1* 

h, w<cCu (i. 9«o-cm) a<ffli^n*<t 
[00043 CuKtSfclsgffl* «*©xy*v 

ccuffl*iB»*sanstei: lt. wis 

^v<>vtt^fflv^iatvx2,„ W.T. 010 (a) ~ 
(f) £#181T. ^fVftfcSJifiT*. 
[0 0 0 5 J t-T. g«cXf±TS£«UB6 0 1 ±.tZs M 
Atf, S i OF*frll*ftli*JfNIUilK (TttK) e 
0 2* x-/f y/a h 7/«K6 0 3«r«tc»*r* (B 
10 (a) ) . *V»T» Sffi«E±l:KD6 0 4 a*r£ 
f*U$J;ihA*'-;/8 0 4fctttt (Hi 1 0 (b) ) . 

f-V^a h r*K6 0 3C^A'-*-*e 0 3 afe^JS 
I"* (8 1 0 (c) ) . XA-*-*6 0 3 a 

©JgJ^Snfcxy h y^i60 3%^^^i L 
= *9E««6 0 5 fc#j8T 5 (010 

(d) > . m^Xs **R80e»MIT*6A'J V 

ft, 0 6%s!)t &^K«t l 3^fi£r-& (010 

(e) ) . *©&. ft^^Stt^Wf^ (Chemical Hecha 
nical Polishing : CMP) lz & 0. i. ■? > 7' z t •:> 

0 (f) ) . Uli-.ffl«t-?<tXSm:-=T, ESJSA^fiS 
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[0 0 0 6] J;Kx ? fy^ h »/<&L£ UT, S i 
C (H) , N, 0UZ<z>'Jstj:<ti>\'?i:±W7i.% 

t Lx^x^#^fcK#M&Shxv">a. cne>© 
KttS i 0 2 &^t©&^x y ?-y^gJ>?ji*#T* 
tf. ZhtomomttttS i 0 2 Kfclfc'<TiS5<, 
WMftltKt: LX^ffltSt $KI*K»|8}e****a 

[0 0 0 7] KMottMVlSTttei: 

4. ±ES i **i»f^? J- »/<K*4-BJtft** 

5 1^©« R+©C (H) 

fcTJb«. K4>K>C (H) £%*©#*«*, ffcto*, 

a J <fcO*?LH<fcLXV%S::i:© 1 o©»«X*fc*. 
T\ &+©C (H) S*ifc»±StfSfc©tti. Mi. 

ar. c (H) ft*ft0Ki"»a*<f*<i:**ftinKftfc 

[0 0 0 B) Jtffioiii: LTtelBKftSh.fcS i 
x»fy^hy/«(DC (H) C 
H3. CH 2- CHt^^fcCHMWWI (CH 
ni: nttl, 2X123) CtBMT 
&*. fcV^Ott, SiCe**SiNBttVwfcfe 

[0009] 

[»WMifcLJ:-5fcT*IUn ««, (H) 
*#*tt, iiik-^RBS (Rutherford Backscatterin 
g Spectroscopy) K.fc-sT&ffiShaC/S i it * if*' 

«*KI©*S£©»«:jl*£Si:LX, 7-'JxRfcjfc* 
ttftft (FT- I R) tf$>*. Li»L. FT- 1 RC<t 

tut. cH n m<D&is&itbi>m&*mrzz£#-cs 

tteV\ 

MShfeit0?B4cA>^, Sfeli. »*B(fcs fcffifc 

WW. E«a*©*SV\ IgRttWfiV V 
[00 l I] 



[H!SI*A?ife**fc (*©#&] ,bEBW*Sgdt+ *fc 

*xttrt***6ftB«*©*i®ifciiJifc, men i 

©«M±C»**n, $K«»©f*Xlx7x:iJIic*& 
R©WDfc%L, S i fcC£ Hi: LXSfc 
% 2 <»&&!§£. HrettftoftXiiftfcftEttfteMa 

«Afc***i«c*^T. «rE*2©£i*jf 

», (CH„S (nlilM3W 

ttft) ) 5rI0 21 ~l 0 22 (fl/cm 3 ) fcoct 

[0 0 l 2] _tE«JSC.»:htf. &4>©CH n £©££ 
**«WI»<C«»ShfcS i C*K*82©fe»fg (x 
yf-V^JU*/*!*) fcLXfflV>*©T. TMbJS (SI 

si****?-*. «->r. Ettmi*t*2<. etts 

[0 0 13) ±E»fi?^*»<*ttEHi3V>T < fi!SBSS2 
V\ ZftCJt*. $#JI (Cuf) t&-f*» 2 

[0 0 14] ±E«tf©*»<**E£»ViT. EEiti* 
JBtt, C u*»6*J5*3*i* U\ ffii*$©<g 

V*Cu*£ttfcffll*SZfcfc.):*>, EftjEK %<&i«;*-tt 

[0 0 15] JbE*J*C>*WMfiBKJ9V<X. UfiKS&2 
(9ltlU», 6JST©tfcSSB*&%T6. £2©feH/§ 
<iS i CNfcRfcfflv*;: -ft««t*»f> 
i^X K 9 *imv*i>S i C&K, S i N&R0ttg&«$ 

(7~8) ^OlteV-RlE^fc-r-sr t^X^?.. 

[0 0 16] iiKBW&SUSf *£$©*&2© 
«AC**3*W*ttB©«Bar8tt, »1©E«B* 
»rtt*!8t, IMBBl©ERRJ:C, SikCtH 
t€r£57D*k UT^tr®2cr>l6SMS:^J5fcT*Xg 

t, idE*i©i&»»o«Ka«»»ftcBttir**^. 

t*XSt, iIEiSiRWi:xy^y?-sn/i»2©l£» 
S«rvX^tUXBtlE*l ©feSB«rivf->^tT, 

X. BttSZOffcSfflCK*- (CHn» 
(nli 1 7>E3«>!fctt) ) 1 0 2 1 - 1 0 2 2 ((13/ 
cm 3 ) * t SrttfiktTa. 

[0 0 17] iC«*CJ:fttf. M+fflCH n »©** 
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JWiMiKfct!*P**ifcS i C*Btfc#2©fc&f (x 
vf V s"<K> fcLXffil^©X\ T*S (£1 

©«£»«) t©x*?-y^gjRt!l:a t iS^i:i:'M:, ^ • 
BSSfcfc-TS. 'tf-^X, EWB»ft* t ^S<» EttS 
fi£<£< fc:#Tt*, CuffiftSti 

[0 0 18] ±K««©W#»i«!>S*J!rttC*^ 
X, glfE82©*£8Jlli£ 5> It N fcLW; 
tttftftux, rnt:J: (cut) 

*#2©t&*« (i*f>^b»AK) ©&g&*c& 

[0 0 1 93 ±E#/*<a**#8E0S&:*iiK#5VN 

v\ fctt*©<6v>Cu fcEttitffiPStfcc**), Ett 

£i6« S * % t t S 6. 
to o 2 03 ±S2#tJ5fero*»**K©«iS**t*J\^ 
X, tteg2®feftJltt. 6ttT©H:»«**T4. 
82 ©fcttJi CS i CN*&Srffl^6ti:li.fcD, —IS 
fttti^f^hv^R-CibiSiCSBI, SiN& 
K©fcfcSt«* (7~8) XKHtm&Wt'tZZbtf 

[002 1] ±ftttJ5*©*Wfc«E®»£#8fKfc^ 
X, SllE?g2©*&iil§tt, *aiy5VWt^e«:*tfIS 

[0 0 2 23 JbftflfJSl-fc^X, iS&C, «TE*2©te 
»Jiai/WE»*JI©±t. ffiE»2©t£«)ii:P5-© 

#«F$tv><, unices, Cu<S>©*ftJB *'&©&«© 

[00233 

ttfit£fc-3V>X> JSlTBHt#»UXilW'r*. HI 

-f) ±It£SE*§Efe®jatLfci©X*fc'?, Eltt. 5 
«&SK#j*ii<ftfcEtt®fc^LXV^. 
[o o 2 4) is l iijR-t«k->it, ft±.B©EttlBHL© 
T»t, mi ©T*fiK (SWffeSJR) 1 0 K * 1 ©Sf* 
JS\ 02, ©xyf-y^x hf/<Kl 05, 

[o o 2 53 £ i ©T&J&(rol>i, 7 ?<t8fty-f * 
(S i OF) K, 7****£^#>W»*«»«*a 

0 3Rt/£l ©*7*-*l 0 4% 
#fiLXV»6. Mih&Xl ©n* 1 0 3 

StfS? I © tf 7*-/H 0 4 llWjgJ ©S?#H I 0 2 

Mantis. i ©se<*s^_o_2)i, Cu9©## 
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si ©t&ei o i *sn ©atsj» i 

02i:©rat3li, *lQAV7*f*>ttl 02a**fi 
%\0>* l )r *9 frVil 0 2 at*, Ta/Ta 
N, W/WN, Ti/T i N*9ffiKA&ftXI**0* 

*©£&©£«£*>> an, cu $?©&«©&»* 

RS<*'fci:ttI, T«fi851 0 1 fciJSfcJil 0 2 £©&•&£ 
*S5ft*8ISSfc#o. m©$&»102li, SMiT 
©Ett* (BS<i*r) XttS i**i:*tt£HTi»%. 
[ 0 0 2 6 3 £ 1 ©x * f- >< }• * 0 5 li. S 
i tCfcNfc%£S7cKfcLT«fi£Sn/:. TfcR (S 
i OFR) t©xy^V^a*?tt©*VvS i CN&©& 
gSgJfc*. S i CN&lgtt, S i C*K«tS 6i:N fc 
»Afct©XjbO, :hl:iDS i CJ^HiHCuffl 

iSKtt«:«ETS-t*-fc^©x*>5. ;:t, :BSiCN 

*Rtt, S i H< fcC 3H4fcN2*«JSSf*i: LXJtm 
3nfci©X-*>?>, K+©CH*S^*3£ CCH n : n 
»lM3fflSti() (IB/cm 3 ) li 1 0 2 1 

~io 22 *sn, ;©tt. ttBSWitettT-c* 

[0 0 2 73 -bJ£©T®£»®LL©±Kii, S2©T 

mm i 0Q2.ytts2<o3-i>*>i>'xY v^mi 1 otm 

jKSJaXV>*. TJSEttBLLfcPiat-, »2©T«iK 
1 0 6SO ! W2©X3' ^y^^ h 1 0t*, SS2 

©h VV^*-;H 0 8Rl/«2©tf7*-^ 1 0 9 

7a*^LX. K2 0*»J5(ro3fl t S«Jii*nXl' 
4. 

[002 83 fi±®aEtt®HL©±C(iv B30u 
f-y^Ti h y/<«<lTy!»^/jS*la. iKtt, Site 
fcNfc*£S^*tt v X#jSSnfc±£$g 1 &i;«2© 

»r»3©Jtci'^y^X h -» ^m. 1 1 l©^fclC4i. 
T*s(l 1 2)St//^ J' •>-<-•> s >8U 1 3y(C!Aiif. 

S i O^KTS i ONES) *wt»/*sifxv^. in 
5>tt, »ft^Sla-?»TV>Ste"S®©ftailSXJ6>-6. 
[0 0 2 93 

WT*. **J6©^»XO, ^▼J'V* 

raT^^-y^VftSrfflV^XSJST*. 
[0 0 3 03 ®2—@6li, faTA^'yViiCJ:* 
CuEtt©»^XS%)(Mi:^rEX*4. Bt:# 
KlLX«U*BlJB*tT -5. 

[00313*T, 02(a) tr7/rtJ:-M-. SP 1 ©T 
*K 1 0 1 , Sh ©»f*B 1 0 2, fSl©x-/f/77 
hv^aSl 0 5^*»?,««$iiiTJf6etaiSLL±i:. 

0«:lllB*J5S)Rr5.. a2OTJ*H^0 6j»i, S i OF UK 

(Efectron Cyclotron 
Resonance : ECR) 77X7%ffll'Sft?KaM5 



ft (Chemical Vapor Deposition: CVD) C«):D, 9i 
S i H 4 /S i F4/O2 (K*tt: 50/50 
/200) kW-*>&#X, 0. Bum (8000A) 3 

[0 0 3 2] S^Oiyfy^ h ?/<@(ijJita, s 
iCN&Kr&O. ECR77X"?CVDiSK£90. 

0 5 i/mgSCfiSKT*. tfRCIi, CTAIX, S i H4 
/C2H 4 /N 2 (Stfttt: 10/15/15) ©«£ 

[0 03 33 5*1:, 02 <b) CfcTJ:*fc, #»#*4 
**• $ h SHI 1 © 1/ * x UK 2 0 1 1* 2 ©x 9 

f-y^* hy/SKl 1 0±CJMtU 7 * h 'J V.^l? 7 
**6«K: «fc9 fcfT*-*©/<<'-V2 0 1 a&Jg/S-r 

[0 0 3 43 JR^X, 03 (a) tc^-f J: "5 K, £7* 
-/W^-V2 0 1 B *V^-zy/snfc*l ©U* 

v^^tS62©i y l-vf* Y -j/\Wk \ 1 Ofcx ? 

trr^-;^^ffl©Mae5l 1 0 a*J»dfr*. 
CO 0 3 53 133 (b) CStrJtSC, »2©x 
v + >?X h 1 10&v^?tUR*ttx»f' 

V****?^, »2©TKbRI 0 etr*-* I oeasjg 
i^T, »2©T*hJS <SiOF») (o6> 
Xy^V/tt, flJAlf, 02/CF4^7XT^X*^ 
^fcRff-fi'f^l'Xvfy^ (Reactive Ion Etching: 
RI E) »:iO^Al£iV>. ifc, Ozf^XUfXtf 

^8&^B3laTv^4©■c. fti ®u>»a >K2 0 1 ibbic 

[003 63 &^X. 04 (a) CSTi^^ S2© 
i'J , ^H20 2m<»i*f>'^ »• y/(Kl 1 0 
iKi*L, £fft3©';yiP r 7 7-*Stlfl-J:<J K 
-;v©/<*-;/2 0 2 zi&&ri B c:©*2©ui>x 

1 1 OtRSttxyf/'j'LT, h Vyf-fr-Jlt&tiLR 
©MO«l 1 0 bZB&tZi 

[0 0 3 73 04 (b) i:sti:i:, l> 
*-^tfffl©MPSM I 0b*«#/*£h/5»2©x* 
f-y^Xt-y^Rl 1 OS^x^t LX*2©T«feKl 

SCBMBfaciUmj. »2©T*lftl 0 6©*®^ 
c>ffi'£.(Dm25.Tx-j ! f-y<f?h. ItLllXQ* *2© 
T&Rl 0 61;, »2©h 08, 812© 

fcT7*-;H 0 9* l ^J5)iSiT.'5a fl2WM'V 
**-/H 0 8&l/sS2©£7*-;H 0 9©^«Sli, 
i&Lfc*-* 1 0 6 a ©JBdtfc !§!#»:., 0 2 

/c f 4 -i^-x-* rf-xfcjsmfcR i Eir j: ofi^n, ~ 

0>tt, t820\siSZ h&Z 0 2 ilfWrx-y-T-y^T 

[0 03 83 «V*T, 05 (a) C/TT<fc9«:, Sffi* 
aS2©/< ( ; 7> 1 0 7 aRt/»2©?9 



#■1 0 7*«e#R*4. &2©A9 7> *;uflj(lj) 
T^ti, TaNfBfcTafflA>e>«/fte*n*i&' 
(Ta/TaN) T'&O. jo*? * 'J >^CJ 

9^/5***1*. #2©g#®(jT})!J, 
CuRTfc'J, 'jy? - CJ:OCu y- Klgfcjg 

jsRLfcft, «&«£jt9ffrt$n«. *© 

», 05 (b) £jpTJ;?C. fb¥tt«tt»Bfg (Chen 
ical Mechanical Polishing: CMP) l'J:0. 
A>J 7* ^fitfC u fc5rglX&£-f 
[0 0 3 93 B6£;3Vf <fc-M:, SSSSLbC 

»3©x-/f-v^^ h -//<R] 1 I fcO. 05i/m, _t 
ffi»2©xy*v/x hy/<Rl 1 Otn-OrtRjfctt 
T?RRf*. *&C. &3©TifeRl 12*0. OJ5.JI 
m. -ttt, b>R (S i OaWQj 3) 

SrO. 8 //mTftSCJgfiSI-*. r. ^"C. ;©3Jffl)Iga> 

»W6«?K:t5*pn*o ZOXIlz., ?»r*^7S^k«st 
fflV^X, *R«©#SS©*W*««*ai!rf fc^fc^X 

[00403 ±iELfc*s?#«e©»itxe 

X, »2®Ti£R 1 0 6C5i»f^^7;?tLTI 
V>fcS i CNfc&KoVNTRBTrs. 0711. ®<»©fiil 
B#tf;i«[ft$©6SRfc#*gfcStfXJe/iii 
UfcS i CNJME£*?tt«, CH*S**#* (CH 
n 3S) ©#l!l#«afcO©ffl»:i:hfc»*^t©W«*T! 
t. CHnMKu. xtt*«f-»*» a- 

ray Photoelectron Spectroscopy :XPS) ciOSS 

[0 04 13 0«P, I «, ±IE£36©JBJS£© S i H 4 / 
C2H4/N2/A r *co^as»^e.. I I ti, h';y 
f-*S/9> (S » H (C H 3) 3) /N g/ArM, I 
Iltt, h'^f^i'yf/NHg/Ar*, I VI*. 
-N^^y^yWi/^D I- y^T-^V ( (S i ( C H 3 ) 2 
-NH) 3) /Ar/^t, V«, ^^^fAi'^o h 
') i/7*fy/H 2 /A VI liv ^**y 
DH'yJ*>/MH3./Ar*. &*Ja-F 

[0 0 4 23 H7 ±EI-V l©V^n©««U 

0tbSI«*A l 4-~5*-C{STLfcS i CN&tfc&IR'S:^ 
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